INJECTION MOLDING MACHINE 
BACKGROUND OF THE INVENTION 



1 . Field of the Invention 

The present invention relates to an injection molding machine having a 
lubrication system for automatically feeding lubricant to relatively moving 
parts such as sliding parts and rotating parts of the injection molding machine. 

2. Description of Related Art 

Injection molding machines have many relatively moving parts such as 
sliding parts and rotating parts which need to be lubricated. It is arranged that 
these parts to be lubricated are automatically fed with lubricant at 
predetermined intervals or each time when a predetermined number of 
injections are completed. 

As means for assuring that the parts to be lubricated are fed with 
lubricant properly, there is known an arrangement in which, if an output of the 
last stage of a progressive lubricant distributor or a parallel lubricant distributor 
does not reach a predetermined pressure within a predetermined period from a 
start of lubrication, an alarm is issued indicating an abnormality such as 
clogging or breakage of a pipe in any of lubricant feeding sections of the 
progressive distributor or the parallel distributor (see JP 2002-127221 A). 

If the lubrication is not performed timely, it has an undesirable effect on 
a performance and a life of the injection molding machine. Hence, it is 
important to indicate that the lubrication has not been performed timely. The 
progressive distributor or the parallel distributor for feeding lubricant to the 
parts to be lubricated in the injection molding machine has many lubricant 
feeding sections. Hence, even if it is recognized that there is something 
abnormal with the progressive distributor or the parallel distributor from the 
fact that the output at the last stage of the progressive distributor or the parallel 



distributor does not reach the predetermined pressure, which of the lubricant 
feeding sections of the progressive distributor or the parallel distributor and 
which of the parts to be lubricated are abnormal cannot be determined. Thus, 
it takes a considerable time to determine and repair the abnormal section, and 
hence it takes a long time to restore the injection molding machine to resume 
the operation. 

SUMMARY OF THE INVENTION 

The present invention provides an injection molding machine having a 
lubrication system capable of determining which of lubricant feeding sections 
of the lubrication system is abnormal. 

According to an aspect of the present invention, an injection molding 
machine comprises: a centralized lubrication device for feeding lubricant to a 
plurality of parts to be lubricated through a pipe system; a sensor provided in 
the pipe system of the centralized lubrication device, for detecting a flow rate 
or a pressure of the lubricant; storing means for storing the flow rate or the^ 
pressure detected by the sensor at predetermined intervals; and display control 
means for reading the flow rate or pressure stored by the storing means and 
displaying the read flow rate or pressure of the lubricant on a display device in 
the form of a graph in time series with time elapsed from a start of the 
lubrication. With the above arrangement, an operator can recognize an 
abnormality of lubrication. 

The injection molding machine may further comprise setting means for 
setting a relation between the time elapsed from the start of the lubrication and 
the parts to be lubricated, and the display control means may display the read 
flow rate or the pressure of the lubricant on the display device with the parts to 
be lubricated to be associated with the time elapsed from a start of the 
lubrication. With this arrangement, an operator can easily find out a part to be 
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lubricated having an abnormality of lubrication. 

According to another aspect of the present invention, an injection 
molding machine comprises: a centralized lubrication device for feeding 
lubricant to a plurality of parts to be lubricated through a pipe system; a sensor 
provided in the pipe system of the centralized lubrication device, for detecting 
a flow rate or a pressure of the lubricant; storing means for storing the flow rate 
or pressure detected by the sensor at predetermined intervals; reference data 
storage means for storing, as reference data, values of the flow rate or the 
pressure of the lubricant stored by the storing means with time elapsed from a 
start of the lubrication when a normal lubrication is performed by the 
centralized lubrication device; comparison means for comparing the flow rate 
or the pressure of the lubricant detected by the sensor with the reference data 
stored in the reference data storage means from the start of the lubrication to 
determine an abnormality of lubrication; and informing means for issuing a 
notice of abnormality when the comparison means determines an abnormality 
of lubrication. 

In this case, the injection molding machine may further comprise setting 
means for setting relation between the time elapsed from the start of the 
lubrication and the parts to be lubricated, and the informing means informs an 
indication on a part to be lubricated having an abnormality of lubrication based 
on time when the comparison means determines an abnormality of lubrication 
and the relation set by the setting means. 

Further, a reference range may be set on the reference data by the setting 
means and the comparison means may determine an abnormality of lubrication 
when the flow rate or the pressure detected by the sensor deviates from the 
reference range. 

BRIEF DESCRIPTION OF THE DRAWINGS 
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FIG. 1 is a block diagram schematically showing an embodiment of the 
invention; 

FIGS. 2a-2d are diagrams for explaining a principle of operation of a 
quantity measuring valve of a parallel distributor in the embodiment; 

FIG. 3 is a diagram showing a waveform which lubricant pressure 
describes when the parallel distributor operates normally; 

FIG. 4 is a diagram showing a waveform which lubricant pressure 
describes when a pipe of the parallel distributor has a break; 

FIG. 5 is a diagram showing a waveform which lubricant pressure 
describes when a pipe of the parallel distributor is clogged; 

FIGS. 6a-6e are diagrams for explaining principles of how a progressive 
distributor in the embodiment operates; 

FIG. 7 is a diagram showing a waveform which lubricant pressure 
describes when the progressive distributor operates normally; 

FIG. 8 is a diagram showing a waveform which lubricant pressure 
describes when a pipe of the progressive distributor is clogged; 

FIG. 9 is a diagram showing a waveform which lubricant pressure 
describes when a pipe of the progressive distributor has a break; and 

FIG. 10 is a flowchart of a lubrication abnormality detection performed 
in the embodiment. 

DETAILED DESCRIPTION 

FIG. 1 is a block diagram showing relevant parts of a lubrication system 
of an injection molding machine according to an embodiment of the invention. 

An injection molding machine 20 has a centralized lubrication device 10. 
The centralized lubrication device 10 includes parallel distributors (for 
main-pipe depressurizing centralized lubrication) 14-1 and 14-2, a progressive 
distributor (for pressure-progressive centralized lubrication) 15, a lubricant 
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tank 1 1 for storing lubricant such as grease and oil, a pump 12, and a switching 
valve 13 for selectively allowing lubricant, which is fed from the lubricant tank 
1 1 when the pump 12 is driven, to flow to the parallel distributors 14-1 and 
14-2 or to the progressive distributor 15. 

By the pump 12 being driven, the centralized lubrication device 10 feeds 
lubricant from the lubricant tank 1 1 through a pipe LI to the switching valve 
13. When the switching valve 13 is switched to a position connected to the 
parallel distributors 14-1 and 14-2, lubricant is fed through a pipe L2 to the 
parallel distributor 14-1, and further through a pipe L3 to the parallel 
distributor 14-2. When the switching valve 13 is switched to a position 
connected to the progressive distributor 15, lubricant fed by the pump 12 is fed 
through a pipe L4 to the progressive distributor 15. The lubricant fed to the 
parallel distributors 14-1, 14-2 and the progressive distributor 15 this way is 
fed from lubricant feeding sections of the distributors 14-1, 14-2 and 15 to 
individual parts to be lubricated of the injection molding machine 20. 

In this embodiment, also a pressure sensor 16 for detecting the pressure 
of lubricant fed to the parallel distributors 14-1 and 14-2 or the progressive 
distributor 15 is provided in the pipe LI between the pump 12 and the 
switching valve 13. The lubricant pressure detected by the pressure sensor 16 
is fed to a storage/calculation unit 17, in which the lubricant pressure is stored 
as a function of time. The lubricant pressure detected by the pressure sensor 
16 is sampled and stored at predetermined intervals after lubrication is started 
by the pump 12 being driven, and abnormality of the centralized lubrication 
device 10 is detected on the basis of the detected lubricant pressure as 
described later. The lubricant pressure stored as a function of time is fed to a 
display/input unit 18, where a graph is made in which, for example, time 
elapsed from the start of lubrication is plotted on the abscissa and the lubricant 
pressure is plotted on the ordinate. Using this graph, lubrication can be 
monitored to find out a lubrication abnormality. The storage/calculation unit 
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17 and the display/input unit 18 may be provided separately from a controller 
of the injection molding machine or provided in it. Alternatively, the 
storage/calculation unit 17 and the display/input unit 18 may be constructed by 
using the processors, storage means, display means, and input means already 
provided in the controller of the injection molding machine and adding some 
software. 

FIGS. 2a-2d are diagrams for explaining a principle of operation of a 
quantity measuring valve 40 which forms a lubricant feeding section. The 
parallel distributors 14-1 and 14-2 each have a plurality of quantity measuring 
valves 40. Since the quantity measuring valve is well-known in the art, how it 
operates will be described briefly. 

FIG. 2a shows the state before lubrication is started. When the pump 
12 operates and the pressure of the lubricant fed by the pump 12 increases, a 
valve 41 goes up and the pressure of the lubricant stored between the valve 41 
and a piston 42 increases, which makes the piston 42 go up. When the piston 
42 goes up, the lubricant Q measured and stored in a fore-end part inside an 
outer cylinder is discharged from a discharge opening. Thus, a predetermined 
quantity of lubricant is fed to a part to be lubricated in the injection molding 
machine (FIG. 2b). After the piston 42 reaches its top dead center and 
discharges the predetermined measured quantity of lubricant Q (FIG. 2c), the 
pressure of the lubricant fed by the pump 12 decreases, and the piston 42 goes 
down due to the repulsive force of a spring 43. As a result, the valve 41 is 
pushed down, and high-pressure lubricant flows through an inner pipe and is 
stored in the fore-end part inside the outer cylinder and thereby measured (FIG. 
2c). Thus, the valve returns to the state shown in FIG. 2a, namely the standby 
state before the start of lubrication. 

A plurality of quantity measuring valves of this type are arranged in 
parallel in each of the parallel distributors 14-1 and 14-2. Since flow 
resistance increases with pipe length, the pressure of the lubricant fed from the 
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lubricant tank 1 1 by the pump 12 operating is lower at a position farther from 
the pump 12. Further, since the pressure at the discharge opening of the pump 
increases with time from the start of operation of the pump, a quantity 
measuring valve 40 nearer to the pump reaches the discharge pressure before a 
quantity measuring valve 40 farther from the pump does. Thus, lubricant is 
discharged from the quantity measuring valves 40 in order of the distance from 
the pump 12, with the nearest one first, and fed to parts to be lubricated in the 
injection molding machine. 

FIG. 3 shows an example of relationship between a waveform of the 
lubricant pressure measured by the pressure sensor 16 and discharge of 
lubricant from quantity measuring valves of the parallel distributor, which was 
obtained when lubrication was performed normally. In this example, the 
parallel distributor has two quantity measuring valves 40, of which a valve 1 is 
nearer to the pump 12. 

When the pump 12 starts operation, the lubricant pressure near the pump 
discharge opening detected by the pressure sensor 16 increases gradually. 
After the pump 12 starts operation, at time tl, discharge of lubricant by the 
quantity measuring valve 1 starts. At time t2, discharge of lubricant by the 
quantity measuring valve 1 terminates and discharge of lubricant by the 
quantity measuring valve 2 starts. At time t3, discharge of lubricant by the 
quantity measuring valve 2 terminates. When the quantity measuring valves 
measure lubricant, the pressure of lubricant decreases. The pressure of 
lubricant decreases at the quantity measuring valve nearer to the pump 12, first. 
Thus, at time t4, the quantity measuring valve 1 starts measurement. At time 
t5, the quantity measuring valve 1 finishes measurement and the quantity 
measuring valve 2 starts measurement. At time t6, the quantity measuring 
valve 2 finishes measurement. Like this, the quantity measuring valves of the 
parallel distributor start discharge and measurement in order of the distance 
from the pump 12 which is a lubricant supply source, with the nearest one first. 
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detected in normal operation), respectively, (or in other words, the two 
waveforms obtained by shifting the reference data (waveform) along the 
ordinate by +AP and -AP', respectively) is set, and if the waveform of the 
detected lubricant pressure deviates from the reference range, it is determined 
that there is an abnormality. The absolute values of +AP and -AP' may be the 
same. 

Further, location of an occurrence of abnormality can be determined 
depending on where the waveform of the detected lubricant pressure deviates 
from the reference range. As shown in FIGS. 4 and 5, while the quantity 
measuring valve 1 is operating and discharging lubricant, the waveform of the 
lubricant pressure is almost the same as the reference data (waveform) and 
within the reference range. However, if the waveform deviates from the 
reference range in a time period in which the quantity measuring valve 2 is 
operating, it can be determined that the quantity measuring valve 1 is normal 
but the quantity measuring valve 2 is abnormal. Hence, it can be determined 
that there is an abnormality such as a pipe being clogged with lubricant or a 
pipe having a break in an area related to the quantity measuring valve 2. 

FIGS. 6a-6e are illustrations for explaining principles of how a 
progressive distributor (for pressure-progressive centralized lubrication) 15 
operates. Since the progressive distributor 15 is a well-known and 
conventional one, it will be described briefly. 

As shown in FIG. 6a, the pressure of lubricant fed by the pump 12 being 
driven first acts on the right side of a piston A and moves the piston A to the 
left. As a result, lubricant stored on the left side of the piston A is discharged 
from a port 2 and fed to a predetermined part to be lubricated. As shown in 
FIG. 6b, when the piston A reaches the left end, the pressure of the lubricant 
fed by the pump 12 acts on the right side of a piston B and moves the piston B 
to the left, so that lubricant is discharged from a port 7. As shown in FIG. 6c, 
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when the piston B reaches the left end, the pressure of the lubricant acts on the 
right side of a piston C and moves the piston C to the left, so that lubricant is 
discharged from a port 5. Then, as shown in FIG. 6d, the pressure of the 
lubricant acts on the right side of a piston D and moves the piston D to the left, 
so that lubricant is discharged from a port 3. Then, as shown in FIG. 6e, the 
pressure of the lubricant acts on the left side of the piston A and moves the 
piston A to the right, so that lubricant is discharged from a port 1 . 

Likewise, lubricant is discharged from ports 8, 6 and 4 in this order and 
the progressive distributor 15 returns to the state of FIG. 6a. To sum up, the 
progressive distributor 15 discharge lubricant from ports 2, 7, 5, 3, 1, 8, 6 and 4 
in this order. When the operation period of the pump 12 is long, this 
discharge cycle is repeated many times. Hence, the operation period of the 
pump is determined according to the quantity of lubricant which needs to be 
fed. 

FIG. 7 shows a waveform which the lubricant pressure detected by the 
pressure sensor 16 describes when the progressive distributor 15 operates 
normally. In the progressive distributor 15, pistons operate and discharge 
lubricant from their associated ports in order. Hence, as shown in FIG. 7, the 
pressure describes a series of chevrons corresponding to the ports discharging 
lubricant in order. 

In this progressive distributor 15, if a pipe is clogged or has a break, the 
waveform which the lubricant pressure detected by the pressure sensor 16 
describes varies much. It is not always like the waveform shown in FIG. 7. 
For example, if a pipe connected to the port 7 is clogged, lubricant is 
discharged from the port 2 normally, during which the lubricant pressure 
describes a waveform like that of FIG. 7. However, since the pipe connected 
to the port 7 is clogged, the lubricant pressure does not decrease but increases, 
unlike the waveform shown in FIG. 7. Thus, the lubricant pressure continues 
to be high as shown in FIG. 8. 
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If a pipe has a break, the lubricant pressure does not increase as shown in 
FIG. 9. Also in this case, the location of the break in a pipe can be 
determined from the fact that the lubricant pressure does not increase in a time 
period in which it should normally increase. In the example shown in FIG. 9, 
it is determined that the distributor operated normally until lubricant was 
discharged from the port 2. However, since the detected lubricant pressure 
does not increase in the time period in which lubricant should be discharged 
from the port 7, and is outside the reference range, it is determined that a pipe 
connected to the port 7 has a break. 

Specifically, like the case with the parallel distributors 14-1 and 14-2, 
the waveform as shown in FIG. 7 which the lubricant pressure describes when 
the progressive distributor 1 5 operates normally is used as reference data 
(waveform), and a reference range is provided on the basis of the reference 
data. When the waveform of the detected lubricant pressure is not within the 
reference range as shown in FIGS. 8 and 9, the location of a clogged part (in 
the example of FIG. 7, the clogged part is in the pipe through which lubricant 
should flow to the port 7) can be determined on the basis of the time when the 
waveform went out of the reference range. 

Thus, when the parallel distributors 14-1, 14-2 and the progressive 
distributor 15 are operating normally, the lubricant pressure detected by the 
pressure sensor 16 is sampled and stored in the storage/calculation unit 17 at 
predetermined intervals after lubrication is started, or in other words, the pump 
12 starts to be driven. The stored lubricant pressure is used as reference data. 
Further, on the basis of the reference data, a reference range is set by adding 
+AP and -AP' to the reference data (the absolute values of +AP and-AP' may be 
the same). Further, time periods are measured in advance on the basis of the 
timings at which the individual lubricant feeding sections of the parallel 
distributors 14-1, 14-2 and progressive distributor 15 start lubrication to their 
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corresponding parts to be lubricated (the pump 12 starts operating). These 
time periods are set through the display/input unit 18. 

Then, after the pump 12 starts to be driven, the lubricant pressure is 
detected by the pressure sensor 16 and stored at predetermined intervals. The 
waveform which the stored lubricant pressure describes in a coordinate system 
of which the abscissa and ordinate represent time and lubricant pressure, 
respectively, is displayed on a screen of the display/input unit 18. On the 
screen, also the reference data (waveform) and the reference range determined 
by shifting the reference data (waveform) by +AP and -AP' are displayed, for 
example, in different colors. Further, the time periods in which the individual 
lubricant feeding sections feed lubricant to their associated parts to be 
lubricated are displayed on the screen. 

Thus, what are displayed are monitored, and when the waveform of the 
detected lubricant pressure is within the reference range, it is determined that 
lubrication has been performed normally. When the waveform of the detected 
lubricant pressure is not within the reference range, it is determined that there 
is a lubrication abnormality. The location of an abnormal part (including a 
lubricant feeding section and a pipe connected thereto) can be determined on 
the basis of the time period in which the waveform deviates from the reference 
range. 

It may be so arranged that abnormality is determined automatically by 
the storage/calculation unit 17. FIG. 10 is a flowchart showing processing of 
abnormality determination to be performed by a processor in the 
storage/calculation unit 17. 

First, when lubrication is being performed normally, the lubricant 
pressure is detected by the pressure sensor 16 at predetermined intervals after 
lubrication is started (the pump 12 starts to be driven), and the detected 
lubricant pressure is stored as reference pressure Ps. Also, the reference range 
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is set in advance by adding +AP and -AP to the reference data. Further, as 
described above, the time periods in which the individual lubricant feeding 
sections of the parallel distributors 14-1, 14-2 and the progressive distributor 
15 feed lubricant to their corresponding parts to be lubricated, which are 
measured in advance, is set through the display/input unit 18. 

It is determined whether or not a lubrication command has been issued 
from a host controller such as the controller of the injection molding machine 
(Step 100). When the lubrication command is sent out and the pump 12 is 
driven, a memory area for storing the detected lubricant pressure P is cleared 
(Step 101). Then, an indicator n for indicating sampling time is set at "0" 
(Step 102). Sampling is performed at every predetermined sampling period. 
Then, "1" is added to the value of the indicator n (Step 103). Then, the 
lubricant pressure P detected by the pressure sensor 16 is read, and stored as 
the lubricant pressure P(n) detected at the sampling time n indicated by the 
indicator "n" (Step 104). 

Further, reference data Ps(n) corresponding to the indicator n is read 
(Step 105), and whether the detected lubricant pressure P(n) is within the 
reference range corresponding to the reference data Ps(n) or not is determined 
(Step 106). Specifically, the determination is made according the following 
formula (1): 

Ps(n)-AP < P(n) < Ps(n)+AP ... (1). 

If the detected lubricant pressure P(n) is within the reference range, or in 
other words, if it satisfies the above formula (1), it is determined whether or not 
a lubrication termination command is issued from the host controller. If not, 
the procedure returns to Step 103, and then Steps 103 to 108 are performed at 
every predetermined processing period. 

If it is determined at Step 106 that the detected lubricant pressure P(n) is 
not within the reference range, an alarm is given. Further, the time period to 
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which the detected lubricant pressure P(n) belongs is determined on the basis 
of the present value of the indicator n, and which of the lubricant feeding 
sections of the parallel distributors 14-1, 14-2 and progressive distributor 15 
was operating in that time period is determined. The abnormal lubricant 
feeding section and its associated part to be lubricated thus determined are 
displayed (Step 107). 

Although not shown in FIG. 10, when a display command is fed, the 
stored reference data, the waveform of the detected lubricant pressure and the 
time periods in which lubricant is fed to the individual parts to be lubricated are 
displayed. 

In the above-described embodiment, on the basis of the lubricant 
pressure detected near the discharge opening of the pump which feeds lubricant 
to the parallel distributors 14-1, 14-2 and the progressive distributor 15, a 
lubrication abnormality and its location is determined. In place of the 
lubricant pressure, the lubricant flow rate may be measured. 

According to the present invention, an abnormality of lubrication and 
further a section of an automatic lubrication device having an abnormality of 
lubrication can be determined. Hence, it is easy to determine and repair an 
abnormal part, and the time required for restoring the injection molding 
machine to resume operation is short. 



